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Our laboratory has recently embarked on a synthetic chemistry project involving the 
synthesis of the core structure 1 of the rocaglamides and related antitumor natural products 
(Scheme 1). Our essential approach involves generation of the oxidopyryllium species 2 
from a 3-hydroxyflavone derivative 3 and subsequent dipolar cycloaddition to cinnamate 
derivatives 4 to afford the aglain skeleton 5 and thence rocaglamide framework 1 after 
rearrangement of 5 and further modifications. 




core structure of 
rocaglamide derivatives 

\ i 

Scheme 1: Biomimetic approach of the rocaglamide core structure 



Literature reports have documented excited state intramolecular proton transfer 
(ESIPT) of 3-hydroxyflavone (3-HF) derivatives leading to the formation of the requisite 
oxidopyryllium betaine-type dipoles 2. The overall ESIPT process (Figure 1) involves 
generation of a putative tautomeric form of 3-HF where the proton of the hydroxyl group 
at C3 position migrates to the ketone group at C4 position to yield a oxidopyryllium 
species (tautomeric form T). Although ESIPT processes of 3-HF derivatives have been 
reported in the literature to produce excited state species such as T, to our knowledge 
there are no reports of chemical reactions e.g. cycloaddition processes with these 
potentially reactive intermediates. 

ESIPT 
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N 



Tautomeric form (T) 



Figure 1: ESIPT and fluorescence emission in 3HF 
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Our initial efforts toward 
understanding the cycloaddition 
reactivity of the oxidipyryllium 
species T was focused on model 
studies with commercially 
available 3-hydroxyflavone 
(Figure 2). Photoirradiation of 6 in 
the presence of the dipolarophile 
methyl cinnamate 7 (5 equivalents) 
in acetonitrile as solvent produced 

a mixture of products (Figure 2). According to spectroscopic data ( ! H NMR and IR) and 
X-ray analysis (Figure 3), the major compound produced in 56 % chemical yield was 
confirmed to be the [3+2] cycloadduct 8. 




Figure 2: Possible cycloadducts obtained from the 
cycloaddition between 3HF and methyl cinnamoyl ester 
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Figure 3: X-ray analysis of cycloadduct 8 
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Scheme 2: Photolysis of trisubstituted 3HF 



Attempted cycloaddition using 11 failed to 
yield any cycloaddition product but instead 
afforded the byproduct 3-aryl-3-hydroxy-l,2- 
indandione 12 (Scheme 2). In contrast, 
photoirradiation of the 5-OH derivative 13 at 
350 nm (MeCN, rt) did not afford any 



perceptible photorearrangement product. When 13 was photoirradiated in the presence of 
methyl cinnamate as dipolarophile, no cycloadduct was formed. However, initial 
experiments indicated that inclusion of different metal cations (e.g. LiC104, Zn (OTf) 2 , 
and Y(OTf) 3 ) facilitated formation of cycloadduct 14 (proposed structure, regio-and 
stereoselectivity not known), Scheme 4. This indicates a specific potential requirement 
for both a 5-OH substituent and metal cation in order to potentially generate 
photochemically and react an oxidopyrylium from a 3-hydroxyflavanone such as 13. 
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Scheme 4: possible cycloadduct obtained using Li( C10 4 ) 



Summary: In preliminary experiments, we have found that the parent 3- 
hydroxyflavanone undergoes photoirradiation in the presence of a dipolarophile to 
produce an apparent cycloadduct resulting from 1,3 dipolar cycloaddition. However, in 
preliminary studies employing more highly oxygenated 3-hydroxyflavanone derivatives, 
we have found that it may be necessary to utilize a 5-hydroxy flavanone derivative in 
conjunction with a metal salt additive for the cycloaddition process to successfullyoccur. 
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General procedure for preparation of aglain derivative 8. 

To a test tube (16 x 100 mm) was charged with commercially 
available 3-hydroxyflavone 6 (Indofine Chemical Company) 
(400 mg, 1.7 mmol) and methyl cinnamate 7 (650 mg, 4 mmol) 
and 8 mL of anhydrous acetonitrile. After degassing using Ar, 
the mixture was submitted to irradiation (350 nm, Hanovia UV 
lamp with uranium filter), at rt for 2 hours. The solution was 
concentrated in vacuo to afford a yellow oil. Purification via 
flash chromatography (60:40 hexanes/EtOAc) afforded 370 mg (0.94 mmol, 56 %) of 
aglain derivative 10 as a colorless solid. IR v max (film): 3452.43, 3060.19, 3033.01, 
2939.81, 1766.99, 1735.92, 1607.77, 1584.47, 1483.50, 1452.43 cm* 1 ; J H NMR (400 
MHz, CDC1 3 ) 5 7.34-76.82 (14 H, m), 4.631 (1 H, d, / = 8.4 Hz), 3.645 (1 H, d, / = 8.4 
Hz), 3.606 (3 H, s), 3.57 (1 H, s); HRMS (CI/NH3) m/z calculated for C25H20O5 400.1311 
found 401. 1357 (M+H). 
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General procedure for preparation of aglain derivative 14. 

To a test tube (16 x 100 mm) charged with 5- 
hydroxyflavonanone 13 (20 mg, 0.064 mmol), methyl 
cinnamate 7 (155 mg, 0.92 mmol), and lithium perchlorate 
(13.5 mg, 0.12 mmol) was added 2 mL of anhydrous 
acetonitrile. After degassing using Ar, the mixture was 
OMe submitted to irradiation (350 nm) at rt for 17 hours. The organic 
layer was washed once with 2 mL of water and 2 mL of saturated brine. After drying over 
MgS0 4 and concentrated in vacuo to afford a yellow oil. Purification via flash 
chromatography (60:40 hexanes/EtOAc) afforded 7 mg (0.015 mmol, 45 %) of aglain 14 
as a yellow solid. IR v max (film): 3378.64, 2955.34, 2920.39, 2846.60, 1778.64, 1712.62, 
1623.30, 1580.58, 1518.45, 1491.26, 1429.13, 1254.37, 1145.63cm 1 ; l H NMR (400 
MHz, CDCI3) 5 8.15 (1 H, s), 7.28 (2 H, d, / = 9.2 Hz), 7.04-7.00 (3 H, m), 6.80-6.78 (2 
H, m), (6.635, 2d, J = 9.2 Hz), 6.06 (2H, m), 4.56 (2 H, d, J = 8 Hz), 4.31 (1 H, s), 3.72 
(3H, s), 3.69 (3H, s), 3.67 (3H, s), 3.51 (2H, d, J = 8 Hz), HRMS (CI/NH3) m/z 
calculated for C 2 7H 24 0 8 476.1471 found 476.9583. 
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